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(57)Abstract: 

PROBLEM TO BE SOLVED: To supply sufficient secondary 
air in an engine in which secondary air is supplied to three- 
way catalyst provided in an exhaust passage to purify the 
exhaust gas by forcedly supplying the secondary air by 
means of an air pump, and driving the air pump by means of 
a camshaft driving intake/exhaust valves. 
SOLUTION: During operation of an engine 1, by swinging a 
pump rocker arm 42 by rotation of a cam 26 on a camshaft 
25 driving a valve system 20, a diaphragm 33 is elastically 
deformed in the reciprocating direction through the pump 
shaft 43 of an air pump 3, and at enlarging the volume of a 
pump chamber 35, air is sucked from a suction nozzle 38 
through a suction valve 40. Succeedingly at contracting the 
volume of the pump chamber 35, a discharge valve 41 is 
pushingly opened, and air of raised pressure is discharged 
from a discharge nozzle 39 to an exhaust chamber 37. This 
discharge air is supplied to an exhaust pipe through a 
secondary air supply pipe, and led to three-way catalyst. 
Hereby exhaust gas contacted with the three-way catalyst 
is sufficiently oxidized, and hence the exhaust gas is purified. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the secondary air supply system of the exhaust gas 

purification three way component catalyst of an industrial engine. 

[0002] 

[Description of the Prior Art]There is art which introduces the secondary air into the three way 
component catalyst installed all over the flueway, and raises the oxidation efficiency of the pollutant 
in exhaust gas into the exhaust gas treatment technique of an industrial engine, There are "the 
exhaust-air-purification method of an internal-combustion engine and device" of for example, ** 
JP,4-325709,A, and "industrial engine with a secondary air feeder" of ** JP.5-1 131 19,A in this art. 
[0003]As shown in drawing 1 of the gazette, the above-mentioned ** arranges the catalyst body 1 6 
near the exit 14b of the silencer 2, introduces the atmosphere into the downstream of the catalyst 
body 16 by exhaust pulsations, and promotes oxidation reaction in the downstream part of the 
catalyst body 16 with the air which flowed backwards. As shown in drawing 1 of the gazette, the 
above-mentioned ** attaches to the back end of the silencer 6 the tail pipe 21 longer than the 
exhaust pipe 7 linked to the silencer 6 which has an exhaust gas purification function, and 
demonstrates a high pulsation effect. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned ** has few amounts of 
back flow air, and the high value for control of exhaust gas cannot be cleared. Since the above- 
mentioned ** determines the length of the tail pipe 21 so that the greatest pulsation may be caused 
in a nominal speed, high exhaust gas purification efficiency cannot be expected in the industrial 
engine covering the range with wide operating number of rotations. In the industrial engine with 
which a compact thing is demanded, it is not preferred to carry the long tail pipe 21. Then, the 
purpose of this invention can supply compact and sufficient secondary air, and there is in providing 
the secondary air supply system of the industrial engine which can respond to the number of 
rotations of the wide range. 
[0005] 

[Means for Solving the Problem]To achieve the above objects, claim 1 of this invention, In an 
industrial engine provided with an exhaust gas purifying facility which supplies the secondary air to a 
three way component catalyst provided all over a flueway, and purifies exhaust gas, The secondary 
air was compulsorily supplied with an air pump, and it was considered as a secondary air supply 
system of an industrial engine using a driving source of this air pump as a cam shaft which drives an 
induction-exhaust valve. Since the secondary air is supplied with an air pump, it can respond to 
number of rotations of a wide range, and air of sufficient quantity for a three way component 
catalyst can be supplied. The secondary air can be supplied according to timing to need, without 
forming a special control device, since an air pump is driven with a cam shaft. 
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[0006] 

[Embodiment of the Invention]An embodiment of the invention is described below based on an 

attached drawing. A drawing shall be seen to direction of numerals. Drawing 1 is a side view of the 

industrial engine concerning this invention. The industrial engine 1 is provided with the following. 

The cylinder 2 of the center of a figure. 

The air pump 3 of the lower part of the cylinder 2. 

The air cleaner 4 of an upper right portion. 

The muffler 8 of the point of the secondary air suction pipe 5 which extended to the air pump 3 
from the lower part of this air cleaner 4, the secondary air feed pipe 6 prolonged from the left of the 
air pump 3, the exhaust pipe 7 which attaches the other end of this secondary air feed pipe 6, and 
this exhaust pipe 7. 

The muffler 8 equips an inside with a three way component catalyst (not shown). 
[OOQ73 Drawing 2 is a front view of the industrial engine concerning this invention, and said cylinder 2 
is an inclination cylinder inclined in the upward slant to the right to the bottom T. Hereafter, it will 
be called the inclination cylinder 2. This inclination cylinder 2 consists of the cylinder block 10, the 
cylinder head 11, and the cylinder head cover 12. The cylinder block 10 is formed in the crank case 
13 and one. And further, the industrial engine 1 equips the upper part with the fuel tank 14, and is 
provided with the crankshaft 15 and the crank case cover 16 in the center. 

[0008] Drawin g 3 is a 3-3 line sectional view of drawing 1 , and the valve gear 20 which shows that 
the piston 18 was attached to the crankshaft 15 via the connecting rod 17, and is driven by the 
crankshaft 15 is shown. The crank gear 23 which the valve gear 20 is a mechanism which carries out 
the opening-and-closing drive of the inlet valve and the exhaust valve 22 which are not illustrated, 
and was attached to the crankshaft 15, The gear 24 for cams which gears on the crank gear 23, and 
the cam shaft 25 which rotates by the gear 24 for cams, It consists of the push rod 28 for exhaust 
valves which carries out axial movement via the tappet 27 by the cam 26 of the cam shaft 25, the 
rocker arm 29 for exhaust valves which rocks with the push rod 28 and makes the exhaust valve 22 
open and close, and the push rod for inlet valves and the rocker arm for inlet valves which are not 
illustrated. 

[0009]angle theta As for the inclination cylinder 2, cylinder shaft S inclines to the bottom T of the 
industrial engine 1. The air pump 3 arranged to the lower part space of the inclination cylinder 2, 
The frame 31 which is a pump which makes the cam shaft 25 a driving source, and attached the end 
to the crank case 13, The pump room 35, the suction chamber 36, and the exhaust room 37 which 
divided with the diaphragm 33 and the diaphragm 34 and formed between the casing 32 attached to 
the other end of the frame 31, and the frames 31 and the casings 32, The suction nozzle 38 which 
was open for free passage to the suction chamber 36, and the regurgitation nozzle 39 which was 
open for free passage to the exhaust room 37, The suction valve 40 which opens and closes 
between the pump room 35 and the suction chambers 36, and the regurgitation valve 41 which 
opens and closes between the pump room 35 and the exhaust rooms 37, It consists of the pump 
rocker arm 42 rocked by rotation of the cam 26, and the pumping axes 43 which it was movable to 
shaft orientations and were attached to the diaphragm 33 by the pump rocker arm 42. 44, 45, and 46 
are return springs. 

[0010]The inclination cylinder 2 makes the principal part of the industrial engine 1, occupies a big 
space, and, on the other hand, the inspired air volume and displacement of the air pump 3, 
Compared with the inspired air volume and displacement of the inclination cylinder 2, it is very small, 
and an outside diameter size is also small, therefore the end of the air pump 3 arranged to the lower 
part space of the inclination cylinder 2 becomes inside the end of the inclination cylinder 2, and the 
outside dimension of the industrial engine 1 does not become large. 

[0011]An operation of the air pump 3 stated above is explained below. Drawing 4 (a), (b), and (c) is 
an operation explanatory view of the air pump concerning this invention, (a) shows the internal 
structure of the air pump 3 under inhalation of air. With the cam shaft 25, it rotates in the arrow ** 
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direction and the cam 26 pushes the end 42a of the pump rocker arm 42. It rotates in the direction 
of arrow **, and the pump rocker arm 42 lengthens the pumping axes 43 in the direction of arrow 
**. For this reason, since the diaphragm 33 carries out elastic deformation in the direction of arrow 
**, increase and the suction valve 40 open capacity, air is inhaled from the suction nozzle 38, and 
the pump room 35 flows into the pump room 35 through the suction chamber 36. The regurgitation 
valve 41 has been closed. 

[0012](b) shows the internal structure of the air pump 3 of the middle state of inhalation of air and 
exhaust air. The end 42a of the pump rocker arm 42 which contacted the crowning 26a of the cam 
26 is in the position which fell most, It is in the position which retreated most, and the capacity of 
the pump room 35 becomes the maximum, inhalation of air finishes it, and the diaphragm 33 at the 
tip of the pumping axes 43 pulled to the other end 42b and the pumping axes 43 is in the state in 
front of exhaust air. The suction valve 40 is closed with the return spring 44, and the regurgitation 
valve 41 is closed similarly. 

[0013](c) shows the internal structure of the air pump 3 under exhaust air. If the cam 26 rotates in 
the arrow ** direction with the cam shaft 25, the end 42a of the pump rocker arm 42 which 
contacted the cam 26 will go up. The pump rocker arm 42 rotates in the direction of arrow **, and 
the pumping axes 43 move in the direction of ** by return operation of the return spring 46. When 
the diaphragm 33 of the end of the pumping axes 43 moves in the direction of arrow **, it decreases 
and the regurgitation valve 41 opens capacity, and the pump room 35 flows out of the pump room 
35, and carries out the regurgitation of the air from the regurgitation nozzle 39 through the exhaust 
room 37. The suction valve 40 has been closed. 

[0014] Drawing 5 is an exhaust gas cleaning system figure of the industrial engine concerning this 
invention. After compression and an explosion stage and in [ in an intake process, as a white arrow 
shows, inhale the industrial engine 1 concerning this invention in the inclination cylinder 2 via the air 
cleaner 4, the inlet pipe 19, and the open inlet valve 21, and ] an exhaust process, It exhausts via 
the exhaust valve 22, the exhaust pipe 7, the muffler 8, and the three way component catalyst 9 
which were opened as a black-lacquered arrow showed. The exhaust gas cleaning system of the 
industrial engine 1 concerning this invention, The air pump 3 attracts the air which passed the air 
cleaner 4 through the secondary air suction pipe 5, By supplying this air (this air is called the 
secondary air and the arrow of a dashed line shows.) to the exhaust pipe 7 through the secondary 
air feed pipe 6, and making the three way component catalyst 9 with which the inside of the muffler 
8 was equipped through this exhaust pipe 7 contact, The exhaust gas in contact with the three way 
component catalyst 9 is fully oxidized, and purification of exhaust gas is raised. Since the secondary 
air is supplied with the air pump 3, it can respond to the number of rotations of the wide range of 
the industrial engine 1 , and the air of sufficient quantity for the three way component catalyst 9 can 
be supplied. 

[0015] Drawing 6 (a) and (b) is a graph which shows the relation between the pressure in the exhaust 
pipe concerning this invention, and the air content of an air pump, (a) shows pressure pulsation of 
exhaust air in the exhaust pipe 7 in drawing 5 , and a horizontal axis is made into time and it makes a 
vertical axis the pressure (gage pressure) of an exhaust pipe. The time of the exhaust valve 22 
carrying out full close of the point B the time of the exhaust valve 22 beginning to open the point A, 
The time of the exhaust valve 22 beginning to open the point D next the time of pulsation of 
exhaust air finishing the point C, The time of the exhaust valve 22 carrying out full close, the point F 
shows the time of pulsation of exhaust air finishing, and the point E sets the stage under the 
atmospheric pressure operation between V2 and C-D to V3 for the stage when the negative 
pressure between V1 and B-C and between E-F starts the stage when the positive pressure 
between A~B and between A-E starts. 

[0016](b) shows suction and the amount of discharged air of the air pump 3 in drawing 4 , and a 
horizontal axis is made into time and it makes a vertical axis the air content of an air pump. The 
point G the point H the time of the suction valve 40 beginning to open The time in the middle of 
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inhalation of air and exhaust air (at the time of the end 60a of the pump rocker arm 60 shown by 
drawing 4 (b) contacting the crowning 18b of the cam 18), The time of the suction valve 40 
beginning to open the point J next the time of the regurgitation valve 41 carrying out full close of 
the point I, The point K The time in the middle of inhalation of air and exhaust air (at the time of the 
end 60a of the pump rocker arm 60 shown by drawing 4 (b) contacting the crowning 18b of the cam 
18), The point L sets [ the secondary air suction stage of the air pump 3 between G-H and between 
J-K ] the relaxation time term of the air pump 3 between P2 and I-J to P3 for the secondary air 
regurgitation stage of the air pump 3 between P1 and H-I and between K-L the time of the 
regurgitation valve 41 carrying out full close. 

[0017]Since the regurgitation stage P2 of the air pump 3 falls on the stage V2 whose pressure in 
the exhaust pipe 7 (refer to d rawing 5 ) is negative pressure, and the stage V3 to be atmospheric 
pressure, a discharge pressure's may be [ the air pump 3 which supplies the secondary air to the 
exhaust pipe 7 ] low. Therefore, the secondary air can be supplied according to the timing to need, 
without forming a special control device, since the air pump 3 is driven with the cam shaft 25. 
[0018] Drawing 7 is the 1st modification figure of the industrial engine concerning this invention, and 
shows the modification of composition of being shown in above-mentioned drawing 3 . Only air 
pumps differ to the industrial engine 1 of above-mentioned drawing 3 , other things attach the 
industrial engine 1 and the agreement, and the industrial engine 50 omits the explanation. The air 
pump 51 arranged to the lower part space of the inclination cylinder 2, The frame 52 which is a 
pump which makes the cam shaft 25 a driving source, and attached the end to the crank case 13, 
The casing 53 attached to the other end of the frame 52, and the valve seat 54 attached to the 
casing 53, The suction lead valve 55 attached to the valve seat 54, and the regurgitation lead valve 
56, It consists of the diaphragm 57 put by the frame 52 and the casing 53, the pump rocker arm 58 
rocked by rotation of the cam 26, and the pumping axes 59 which were movable to shaft 
orientations and attached the end to the diaphragm 57 with rocking of the pump rocker arm 58. 60 is 
a return spring. 

[0019]The inclination cylinder 2 makes the principal part of the industrial engine 50, occupies a big 
space, and, on the other hand, the inspired air volume and displacement of the air pump 51, 
Compared with the inspired air volume and displacement of the inclination cylinder 2, it is very small, 
and an outside diameter size is also small, therefore the end of the air pump 51 arranged to the 
lower part space of the inclination cylinder 2 becomes inside the end of the inclination cylinder 2, 
and the outside dimension of the industrial engine 50 does not become large. 

[0020] Drawing 8 is 8 view figure of drawing 7 , and shows the position of the suction nozzle 61 of the 
air pump 51, and the regurgitation nozzle 62. 

[0021]Next, an operation of the air pump 51 is explained based on drawing 7 . The cam 26 attached 
to the rotating cam shaft 25 is contacted in one end, the other end of the rocker arm 59 rocked 
with the shape of this cam 26 pushes the pumping axes 59, and the air pump 51 carries out a pump 
action, when the diaphragm 57 moves forward and backward via these pumping axes 59. When the 
diaphragm 57 moves back, the suction lead valve 55 opens and air is inhaled from the suction nozzle 
61. When the diaphragm 57 moves ahead, the regurgitation lead valve 56 opens and the regurgitation 
of the air is carried out from the regurgitation nozzle 62. 

[0022] Drawing 9 is the 2nd modification figure of the industrial engine concerning this invention, and 
shows the modification of composition of being shown in above-mentioned drawing 3 . Only air 
pumps differ to said industrial engine 1 , other things attach the industrial engine 1 and the 
agreement, and this industrial engine 70 omits that explanation. The air pump 71 arranged to the 
lower part space of the inclination cylinder 2 is provided with the following. 

It is what is called a vane pump that makes the cam shaft 25 a driving source, and is the casing 72. 
The rotor 73 turning around the inside of this casing 72. 
Pumping axes 74 which rotate this rotor 73. 

The casing 72 sets to 76 casing inner circumference which forms the eccentric space 75 of a front 
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view round shape in an inside, and forms the periphery of this eccentric space 75. Slot 73a which 
formed the rotor 73 in the inside aslant from the periphery — It provides, it slides on the inside of 
this slot 73a, and has slide plate 77 — which applies a tip to the casing inner circumference 76 by 
rotation. 

[0023]It is shown that drawing 10 is a cross-sectional view of the air pump (the 2nd modification) 
concerning this invention, opened in the crankcase 13 the opening 13a formed in the shaft 
orientations of the cam shaft 25, formed the flange 13b in the peripheral part of this opening 13a, 
and attached the air pump 71 to this flange 13b. The cam shaft 25 which attached the gear 24 for 
cams which gears on the pump follower gear 78 attached to the other end drives the pumping axes 
74 which inserted one end in the center of the rotor 73. The crankshaft 15 which attached the 
gearing crank gear 23 (refer to drawing 9 ) drives the cam shaft 25 gear 24 for cams. As for 79, a 
regurgitation nozzle and 81 are lids a suction nozzle and 80. Return to drawing 9 , and the inclination 
cylinder 2 makes the principal part of the industrial engine 70, occupy a big space, and, on the other 
hand, the inspired air volume and displacement of the air pump 71, Compared with the inspired air 
volume and displacement of the inclination cylinder 2, it is very small, and an outside diameter size 
is also small, therefore the end of the air pump 71 arranged to the lower part space of the 
inclination cylinder 2 becomes inside the end of the inclination cylinder 2, and the outside dimension 
of the industrial engine 70 does not become large. Explanation of the pump action of the air pump 71 
is omitted. 

[0024]Not only the combination of the cam 26, the pump rocker arms 42 and 58 and the gear 24 for 
cams which were shown above, and the pump follower gear 78 but a means of communication of the 
power from the cam shaft 25 to the pumping axes 43, 59, and 74 is arbitrary. 
[0025] 

[Effect of the Invention]This invention demonstrates the following effect by the above-mentioned 
composition. Since the secondary air supply system of the industrial engine of claim 1 supplies the 
secondary air compulsorily with an air pump, it can respond to the number of rotations of the wide 
range, and can supply the air of sufficient quantity for a three way component catalyst. Without 
forming a special control device, since an air pump is driven with a cam shaft, the secondary air can 
be supplied according to the timing to need, and the discharge pressure of an air pump may be low. 
Therefore, an industrial engine with a sufficient exhaust gas purification function is realizable by low 
cost and a small space. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In an industrial engine provided with an exhaust gas purifying facility which supplies the 
secondary air to a three way component catalyst provided all over a flueway, and purifies exhaust 
gas, A secondary air supply system of an industrial engine having supplied said secondary air 
compulsorily with an air pump, and using a driving source of this air pump as a cam shaft which 
drives an induction-exhaust valve. 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawi ng 4] 
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[Drawin.g.6] 
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